Within the framework of a model Universe with time variable space dimension (hereafter TVSD), we study the dynamics of the inflaton, scale factor, and spatial dimension in the inflationary epoch when the space dimension at the Planck length to be equal to 4 or 10. We compare the dynamical behaviors of mentioned parameters with what is expected from the constant extra dimensional cosmology. PACS: 98.80.Cq; 04.50.+h; 98.80.Bp; 98.70.Vc Interest in a speculative model in which the number of space dimension decreases continuously as the Universe expands has increased during the past few years [1] [2] [3] [4] [5] [6] . There is a dimensional constraint that relates the space dimension to the size of the Universe. A proposed way of handling such a concept of the variability of the space dimension is using the idea of decrumpling, coming from polymer physics. In this model the fundamental building blocks of the Universe are like cells being arbitrary dimensions and having in each dimension a characteristic size δ which maybe of the order of the Planck length O(10 −33 cm) or even smaller. These "space cells" are embedded in a D space, where D may be up to infinity. Therefore, the space dimension of the Universe depends on how these fundamental cells are configured in this embedding space. The Universe may have begun from a very crumpled state having a very high dimension D and a size δ, then have lost dimension through a uniform decrumpling which we see like a uniform expansion. The expansion of space, being now understood like a decrumpling of cosmic space, reduces the spacetime dimension continuously from D + 1 to the present value D 0 + 1. In this picture, the Universe can have any space
Interest in a speculative model in which the number of space dimension decreases continuously as the Universe expands has increased during the past few years [1] [2] [3] [4] [5] [6] . There is a dimensional constraint that relates the space dimension to the size of the Universe. A proposed way of handling such a concept of the variability of the space dimension is using the idea of decrumpling, coming from polymer physics. In this model the fundamental building blocks of the Universe are like cells being arbitrary dimensions and having in each dimension a characteristic size δ which maybe of the order of the Planck length O(10 −33 cm) or even smaller. These "space cells" are embedded in a D space, where D may be up to infinity. Therefore, the space dimension of the Universe depends on how these fundamental cells are configured in this embedding space. The Universe may have begun from a very crumpled state having a very high dimension D and a size δ, then have lost dimension through a uniform decrumpling which we see like a uniform expansion. The expansion of space, being now understood like a decrumpling of cosmic space, reduces the spacetime dimension continuously from D + 1 to the present value D 0 + 1. In this picture, the Universe can have any space dimension. As it expands, the number of spatial dimensions decreases continuously. The physical process that causes or necessitates such a decreases in the number of spatial dimensions comes from how these fundamental cells are embedded in a D space. In [3, 5] , there are some clarifications about the idea of variable space dimension, and some motivations for choosing a model Universe with variable space dimension. There are also some reasonably raised questions: what causes the number of spatial dimension to decrease as the Universe expands? Is there any physical process causes or necessitates such a decrease? And how does this "disappearance" of spatial dimensions take place? Is it that gravity gradually stops "feeling" some dimensions or that the size of some of the dimensions shrinks to zero? The reader can find the answers of these questions in detail in Refs. [3, 5] .
In our first work [5] , the wave function and dynamics of a model Universe with variable space dimension have been studied in detail. We showed in the limit of constant space dimension, the wave function of our toy model is not well-defined. It can approach to the Hartle-Hawking wave function or to the modified Linde wave function, but not to that of Vilenkin. In the limit of constant spatial dimension, the probability density approaches to Vilenkin, Linde and others' proposal; i.e. to the probability density P ≃ exp(2S E ), or more generally exp(−2|S E |), where S E is the Euclidean action of the classical instanton solution.
In [3] we considered chaotic inflation in the context of a model with timevarying spatial dimension. The dimensionality of the space is defined by constructing the space of "cells" with characteristic dimension δ crumpled in such a way as to exhibit an effective dimension D. We generalized chaotic inflation with the potential m 2 φ 2 /2 from the three-space to the constant Dspace, and then to the variable D-space. We also generalized the slow-roll approximation [3] . After doing some necessary treatments, step by step, we obtained dynamical equations of the inflaton field, the scale factor and the variable space dimension. As we explained in [3] , an upper limit for the space dimension at the Planck length has been obtained. Based on the radius of the Universe at the onset of inflation to be larger than the Planck length l P , and then the minimum size of the Universe δ, the space dimension at the Planck length must be smaller than or equal to 4. This result in [3] is in agreement with our previous work for the effective time variation of the Newtonian gravitational constant in a model Universe with variable space dimension [6] . This result corresponds to the value of the universal constant of the model C to be larger than or equal to ∼ 1678. 8 We solved in [1] the dynamical equations of the inflaton field, scale factor and space dimension, and emphasized on a currently active area of research from the point of view of quantum field theory. In such a research, length scales of order the current horizon size could very easily have started out during inflation smaller than the Planck length, with no inconsistency from the standpoint of classical physics. Based on the issue of the trans-Planckian problem some arguments in the paper [3] no longer apply, particularly the constraints from requiring the initial radius of curvature to be larger than the Planck length l P . More clearly, for D P = 10 the value of the scale factor at the beginning of inflation a i is smaller than l P , and in [3] , we ruled out D P = 10. This result of [3] could not be correct because for D P = 10 we should study in the trans-Planckian physics. This point will be further discussed in [7] .
In this letter, we continue our previous works in [1] , and present more discussions about the dynamical solutions of φ(t), a(t), and D(t). We also compare the dynamical solutions of φ(t) and a(t) in both constant space dimension and TVSD. Our study here is when the space dimension at the Planck length D P to be equal to 4 or 10. In other words, we consider some models of chaotic inflationary Universe in variable space dimension, when the radius of the Universe at the beginning of inflationary epoch to be smaller or larger than the Planck length because we are interested in considering the trans-Planckian physics in our research. We will use a natural unit system in which c =h = 1 and l P = M −1
cm. There is a constraint in this model which can be written as
Here a is the scale factor of Friedmann Universe, D the variable space dimension, C the universal constant of the model. The zero subscript in any quantity, e.g. in a 0 and D 0 , denotes its present value. In our formulation, we consider the comoving length of the Hubble radius to be equal to one. So the scale factor means the physical length in cosmology which is the Hubble radius [1] . Time derivative of Eq. (1) leads tȯ
More details about the universal constant C, δ, and D P are given in Ref. [5] , see Table 1 . Using the slow-roll approximation, equations of motion of a(t), D(t), and φ(t) are given by [3] ȧ a
where m is the inflaton mass, m = 1.21 × 10 −6 M P . In natural unit system M P = 2.18 × 10 −5 gr and 1gr = 8.52 × 10 47 sec −1 , see Ref. [8] . So the Planck mass is M P = 1.85×10
43 sec −1 and the inflaton mass is m = 2.24×10 37 sec −1 . In [1] we obtained the dynamical solutions of Eqs. (4) (5) (6) . By definition of the following parameters
the solutions of Eqs.(4-6) are given by [1] 
The i subscript in D i , φ i and a i are their values at the beginning of inflationary epoch. Their values are given in Ref. [3] , see Table 1 . Inserting the values of D 0 = 3, φ i and D i in equations (7), (8) and (9), one can easily obtain the values of α, β and γ, see Table 1 . When the space dimension at the Planck length to be equal to D P = 4 corresponding to C = 1678.8, one can easily obtain the dynamical solutions of φ(t), D(t) and a(t), which are given by φ(t) M P = 10.22 tanh −2.24 × 10 
a(t) = 1.06 × 10
Using Equations (7)- (12), for the space dimension at the Planck length D P to be equal to 10 corresponding to C = 599.57, one can easily obtain the dynamical solutions of φ(t), D(t) and a(t), which are given by 
In three constant space dimension corresponding to C → +∞, one can use Eqs. (7)-(12) and obtain the following dynamical solutions of φ(t) and a(t) which are given by
Using Eqs. (13), (16), and (19), we plot the time evolution of the inflaton field in Fig.(1) . In Fig.(2) , the time evolution of the spatial dimension has been shown by Eqs. (14) and (17). Finally in Fig.(3) , the time evolution of the scale factor has been shown by Eqs. (15), (18) and (20). It is worth mentioning that we use log scale for the axis of the scale factor in Fig.(3) . As mentioned in [1] , since we take the comoving length of the Hubble radius to be equal to one, so the scale factor is equal to the physical length. As shown in [1] , the inflationary epoch lasts about 1.003×10 −36 sec and 1.159×10 −36 sec for D P = 4 and D P = 10, respectively. We have also obtained in [1] in three constant space dimension the inflationary epoch lasts about 7.598×10 −37 sec. We have used these values of time for plotting Figs. (1), (2) and (3).
Discussion: In this letter, we present more discussions about the dynamical behavior of the inflaton field, the scale factor and the space dimension within the framework of chaotic inflation in TVSD model. The outline of results can be seen in figs 1, 2 and 3. Fig.1 compares the inflaton field in the framework of TVSD model and the constant space dimension. It is seen that decrumpling effect of universe causes that inflaton field evolves slowly. This behavior of scalar field can be seen in Equation (5), where the effect of time variable dimension is like decreasing contribution of friction term in this equation, or subsequently causes that scalar field to change slowly. In fig.  2 the evolution of dimension of space is obtained. It is seen from Equation (3) that the evolution rate of space dimension is proportional to square of dimension. So during the inflationary epoch universe with D P l = 10 lose 6 dimensions compare to D P l = 4 which loses less than one. In another word, ∆D D P l =10 inflation = 6 and ∆D Fig.3 it is seen that dynamical character of the space dimension increases the number of e-folding. Starting universe with higher dimension at the Planck epoch, universe leaves inflationary phase later. Overall, we have seen that using variable space dimension model changes the dynamics of inflaton field, scale factor. We have tuned the initial values of these parameters in such a way that obtain the same observational consequences of standard inflationary model. This constraint ruled out models that start their spatial dimensions with D pl > 10. C=1678.8 T h r e e c o n s t a n t s p a c e d im e n s io n Figure 3 : Scale factor as a function of time for C = 1678.8 (dashed line), C = 599.57 (dotted line), and three-constant space dimension or C → +∞ (solid line). We use the log scale for the axis of a(t). Here the scale factor is the same as the physical length because we take the comoving length of the Hubble radius to be equal to one.
